


UJ 


or 
UJ 


o 


< 


\— 


u_ 


z 






UJ 


CU 


z 







Cxi 
UJ 


UJ 

o 
<c 


Z 


Li- 


z 


CK 


<c 


UJ 


o 


1— 


oo 


Z 



CO 





UJ 


1 . 1 


o 


OUS! 


ERFA 




INT 



Q 


UJ 

o 


OC 


<C 


< 


BO 


u_ 

1 . 1 


>- 

UJ 


INTE 




to 

ZD 
CD 



£K 
UJ 



cu 

o 
o 



>- 


UJ 

o 


3 


FA 




CrT 


00 


UJ 


o 


f— 











oo 


UJ 




AC 


DV 

rY 


:rf 




t-L-l 


FLO 


I— 

z 




oo 

Q 

o 

UJ 
X 



UJ 

cu 
o 

o 
z 

5: 
o 

Q 



00 

< 

o 
o 



o 
h- 
<: 
o 

I 

cu 
< 



f-r-U 



o 
I— 

UJ 

o 

UJ 

_J 

GO 

< 



(,(,(,(,(,(,(,( 



00 



UJ 

o 



oo 

UJ 



CK 



o 



<: 



zd 

o 
o 



o 

at 
o 



o 
cu 

ck 
o 

I 

o 
o 

o 



o 
a; 

CU 

o 
-J 

o 
o 

0£ 



oo 



o 
cu 

o 

I 

o 
o 

UJ 

rn 
h— 
o 



O 



z 

UJ 



o 



or 
o 

1 

o 
o 



CK - 

g <c 

o o 
° o 

Z cu 

I — 
UJ oo 

s >- 
<c oo 



UJ 

o 
z 

o 
zz> 
o 

UJ 
CK 



UJ 
UJ 

o 



>* 




or 




O 








UJ 






< 






z 













150 



RGB SOURCE 
COLOR DATA 



144 



160 



CMYK DESTINATION 
COLOR DATA 



SOURCE 




COLOR 




DESTINATION 


IMAGE 


RGB 
► 


MANAGEMENT 


CMYK 


IMAGE 






MODULE (CMM) 


► 





o 

!- 
m 

hi 

m 



□ 
w 

S3 



Fig. 3 



CM 

z < 

LU CL 
Cu CO 
LU — 

Q o 
lu _j 

2o 

> o 

LU 
Q 



o o 

^> 

COD? 
CO h- 
< CO 
LU LU 

5 Q 



g 

h- LU 

< o 
? < 
I- s 

co — 

LU 



lip 
lll§ 

o 



_j LU 
|— CL 

a. co 
LLim 

o o 
°- o 



Is 

LU O 

> E 

LU Q 

o z 

* o 

8° 

co 



, LU 

z ^ o 

lip 



z 

LU uj 
QO 

LU CL 
CL CO 
LU ' 

LU y 

> o 

LU 
Q 



a: 

£lu 

E LU Q 

OS LU 
LU LU O 

CO 3 3 

2£ 



55' 



O 



N 



z 

O K. 

co 5: 
LU 1] 

cr < 

LU < 



N 



< 



CD 
CO 



2 o 

LU ^ LL 

- °- 5 



• _ * 1 



o 



< 



o 



LU 

lis 

Ll_ Q_ ^ 
< 



M 
>- 
X 



So 



co a: 

; lu b 



£3 < co > 2 

2 $ i 8 



CD 

O 

a: 



CD 
5 



ri> 



to 



O 
z 

< in 

II 

< Q 
z z 
P O 

CO O 

LU 

Q 



O 
z 

y co 

> z 
zQ 

O H 

< 2: 
z o 
I— o 
co 

LU 
Q 



o 



CD 

z 

> CM 



Si 

LU 
Q 



N 

© 

o 
m 



Get 
LU 

or 

O 

LL 
CO 

z 

LU 

o 
z 

< 

LU 
CL 
CL 
< 
LU 
CO 

a: 

LU 

> 



N 



LU 




ON 








55 0 


CL U_ 


a co 


< 1 


* 


LU < 




co p 








LU 




> 




Z 









LU 

O LU 
C£ O 
=5 < 

o I 

co 



o 



N 

r <N 



LU 




O 




Z 








Ss 




a co 


< z 


LU < 




CO P 




tz 1- 


LU 




> 




z 









O 
z 

< in 

S a 

is 

1 

z z 

po 

CO o 

LU 

Q 



LU 




O 




Z 




5| 




lS 0 


CL LL 


Cl CO 


< z 






> 













O 
z 

§< 
yjco 

> z 

Z O 

g h 

< Z 

S o 

H O 
CO 
LU 
Q 



O 
z 

> CN 
>^ 

1 o 

LU 

a 



o 
— ) 



< 

iZ 



Bi-Spectral Radiance Factor Matrix 


Wavelength of Excitation (A), Wavelength of Emission (o) 




A = 300 


A = 310 


A = 320 




A = 760 


A = 770 


A = 780 


o = 300 


<*.°) 














a = 310 


(A.o) 


(A,a) 












o = 320 


(A,a) 


(A,0) 


(A,a) 














(A,a) 


(A,a) 


(A,a) 








o= 760 




(A,a) 


(A,a) 


(A,a) 


(A.CT) 






o = 770 


(A,a) 


(A,o) 


(A,a) 




(A,a) 


(A,a) 




a = 780 






(A,a) 


(A,a) 




(A,a) 


(A,a) 



Fig. 5 



151 



SOURCE IMAGE 



406 



SPECTRAL 
MEASUREMENTS FOR 
SOURCE DEVICE 



RGB 



EACH INDIVIDUAL RGB COLOR VALUE IN THE 
SOURCE IMAGE IS CONVERTED INTO AN XYZ 
TRISTIMULUS VALUE 



407 



SOURCE VIEWING 
CONDITIONS 



XYZ 



A FORWARD APPEARANCE MODEL IS APPLIED 
FOR VIEWING CONDITIONS AT THE SOURCE SO 
AS TO CONVERT THE XYZ TRISTIMULUS VALUE 
INTO A PERCEPTUAL COLOR SPACE 



409 



1410 



:1>11 



DESTINATION VIEWING 
CONDITIONS D50 



DESTINATION VIEWING 
CONDITIONS A 



DESTINATION VIEWING 
CONDITIONS F2 



JCh 



MULTIPLE DIFFERENT INVERSE APPEARANCE 
TRANSFORMS ARE APPLIED TO A COLOR VALUE 
IN PERCEPTUAL COLOR SPACE, ONE EACH FOR 
DIFFERENT VIEWING CONDITIONS, THEREBY 
RESULTING IN PLURAL DIFFERENT TARGET 
COLOR VALUES IN A VIEWING CONDITION 

DEPENDENT SPACE, ONE EACH IN 
CORRESPONDENCE TO THE DIFFERENT 
VIEWING CONDITIONS 



2*14^ 
41^ 

41^ 
412 



WEIGHT D50 



WEIGHT A 



WEIGHT F2 



Y T Y 7 7 T 

^ D50 1 050^050 



SPECTRAL 
MEASUREMENTS FOR 
DESTINATION DEVICE 



X\Y T A Z\ 



Y 7 Y T 7 
jy F2 i F2 z, 



T 

P2 



S^01 



DEVICE 
DEPENDENT 
COLOR SPACE 



VIEWING 
CONDITION 
S602 DEPENDENT 
y COLOR SPACE 





JCh 

r 


GAMUT ADJUSTMENTS ARE MADE IN 
PERCEPTUAL COLOR SPACE 



S6^4 



PERCEPTUAL 
COLOR SPACE 



S605 



VIEWING 
CONDITION 
DEPENDENT 
COLOR SPACE 



REGRESSION ANALYSIS IS APPLIED TO OBTAIN A 
SINGLE OPTIMAL COLOR VALUE IN OUTPUT 
DEVICE COORDINATES FOR THE PLURAL 
DIFFERENT TARGET COLOR VALUES IN VIEWING 
CONDITION DEPENDENT SPACE, MODELING THE 
DEVICE'S COLOR BEHAVIOR USING A SPECTRAL 
MODEL 



16' 



1 


CMYK 

r 


DESTINATION IMAGE 



S607 



DEVICE 
DEPENDENT 
COLOR SPACE 



Fig. 6 



15* 



SOURCE IMAGE 



406. SPECTRAL 

MEASUREMENTS FOR 
SOURCE DEVICE 



RGB 



S701 



EACH INDIVIDUAL RGB COLOR VALUE IN THE 
SOURCE IMAGE IS CONVERTED INTO AN XYZ 
TRISTIMULUS VALUE 



407 1 



SOURCE VIEWING 
CONDITIONS 



XYZ 

Y 

A FORWARD APPEARANCE MODEL IS APPLIED 
FOR VIEWING CONDITIONS AT THE SOURCE SO 
AS TO CONVERT THE XYZ TRISTIMULUS VALUE 
INTO A PERCEPTUAL COLOR SPACE 



S^02 



1 


JCh 

f 


GAMUT ADJUSTMENTS ARE MADE IN 
PERCEPTUAL COLOR SPACE 




JCh 

r 


CONVERT FROM POLAR COORDINATES TO 
RECTANGULAR COORDINATES 




Jab 

r 


SELECT THE APPLICABLE CLUT FROM MULTIPLE 
ONES IN THE COLOR PROFILE 


1 


f 



S704 



S705 



S706 



S707 



OBTAIN THE CORRESPONDING PRE- 
CALCULATED CMYK VALUE FROM THE CLUT 



CMYK 



16< 




DESTINATION IMAGE 



Fig. 7 




00 



S607 



/ X D50 = P{Z)E D$0 (X)F 

D50 ~ 

\y(x)E D50 (x)F 
P(Z)E D50 (A)F 



X A ^\~x{X)E A {X)F 
Y A = \~y{x)E A {X)F 
Z A = fi{X)E A {X)F 



x F2 = p(x)E F2 {x)F 

Y F2 = ^{x)E F2 {x)F 
\ Z F2 = fz{x)E F2 (X)F 



C,M,Y,K, 
C,M,Y,K, 
C,M,Y,K, 

C,M,Y,K, 
C,M,Y,K, 
C,MJ,K, 

C,M,Y,K, 
C,M,Y,K, 



X)dX 
X)dX 
X)dX 

X)dX 
X)dX 
X)dX 

X)dX 
X)dX 
X)dX 



SELECTED 
INDEX 




Fig. 9 



1 



Printer Document Properties 



! Layout Paper/dual it/ J 
-Tray Selection 



S3 



Paper Source: 
Media: 



Automatically Select 



Plain Paper 



Quality Settings - 
0 Best 



S Normal 



C Draft 



C Custom 



r- Color- 



C Black & White 



<? Color 



Lighting — — 

Source 1 weight: 
Source 2 weight: 
Source 3 weight- 
Source 4 weight: 



Light Source: 
Light Source: 
Light Source: 
Light Source: 



Advanced.,. 



OK 



Cancel 



Apply 



Help 



Fig. 10 



Printer Document Properties 



Layout Paper/Quality | 
Tray Selection 



Automatically Select 



Paper Source: 

Media: I Plain Paper 



3 



-Quality Settings— 

C Best Normal r Draft IT Custom 



r-Color- 



r Blacks White 



<5 Color 



r Lighting - 



r Home r Office r Graphic Arts r Daylight 



Advanced.. 



OK 



Cancel 



Apply 



Help 



Fig. 11 



S1201 



1210 



1211 



SPECTRAL 
REFLECTANCES OF 
COLORANTS ON A 
GIVEN MEDIUM 



RESPONSE FUNCTIONS 
OF THE CI E STANDARD 
OBSERVER 



MAKE PROBABILISTIC ESTIMATES OF THE MOST 
LIKELY LIGHTING ENVIRONMENTS 




ESTIMATES 

r 


ESTIMATE XYZ VALUES FOR A GIVEN COLOR 
PATCH 




XYZ 

f 


CONVERT XYZ VALUES TO PERCEPTUAL COLOR 
SPACE COORDINATES 




JCh or Lab 



S1202 



S1204 



Fig. 12 



1310 



1311 



SPECTRAL 
REFLECTANCES OF 
COLORANTS ON A 
GIVEN MEDIUM 



RESPONSE FUNCTIONS 
OF THE CIE STANDARD 
OBSERVER 



S1301 



MAKE PROBABILISTIC ESTIMATES OF THE MOST 
LIKELY LIGHTING ENVIRONMENTS 



ESTIMATES 



ESTIMATE XYZ VALUES FOR A GIVEN COLOR 
PATCH 



XYZ 



CONVERT XYZ VALUES TO PERCEPTUAL COLOR 
SPACE COORDINATES 



JCh or Lab 



CREATE INPUT LOOKUP TABLE 



S1302 



S1304 



S1305 



Fig. 13 



SPECTRAL 
MEASUREMENTS FOR 
SOURCE DEVICE 



SOURCE VIEWING 
CONDITIONS 



A FORWARD APPEARANCE MODEL IS APPLIED 
FOR VIEWING CONDITIONS AT THE SOURCE SO 
AS TO CONVERT THE XYZ TRISTIMULUS VALUE 
INTO A PERCEPTUAL COLOR SPACE 



SOURCE IMAGE 




RGB 

r 


EACH INDIVIDUAL RGB COLOR VALUE IN THE 
SOURCE IMAGE IS CONVERTED INTO AN XYZ 
TRISTIMULUS VALUE 




XYZ 

f 



DEVICE 
DEPENDENT 
COLOR SPACE 



S1401 



^S1^02 v 



VIEWING 
CONDITION 
DEPENDENT 
COLOR SPACE 



DESTINATION VIEWING 
CONDITIONS 



JCh 



AN INVERSE APPEARANCE TRANSFORMS IS 
APPLIED TO A COLOR VALUE IN PERCEPTUAL 
COLOR SPACE FOR THE DESTINATION VIEWING 
CONDITIONS, THEREBY RESULTING IN A SINGLE 
COLOR VALUE IN VIEWING CONDITION 
INDEPENDENT COLOR SPACE, IN 
CORRESPONDENCE TO THE DESTINATION 
VIEWING CONDITIONS 



GAMUT ADJUSTMENTS ARE MADE IN 
PERCEPTUAL COLOR SPACE 




JCh 

r 



PERCEPTUAL 
COLOR SPACE 



S1405 



XYZ 



VIEWING 
CONDITION 
DEPENDENT 
COLOR SPACE 



SPECTRAL 
MEASUREMENTS FOR 
DESTINATION DEVICE 



THE XYZ TRISTIMULUS COLOR VALUE IS 
CONVERTED INTO A COLOR VALUE IN OUTPUT 

DEVICE COORDINATES, MODELING THE 
DEVICE'S COLOR BEHAVIOR USING A SPECTRAL 
MODEL 



syo7 



16- 



1 


CMYK 

r 


DESTINATION IMAGE 



DEVICE 
DEPENDENT 
COLOR SPACE 



Fig. 14 "Prior Art" 



